Introduction. Alcohol binge drinking is common in early pregnancy and is a well-established risk factor for subsequent child health. Yet, very few studies have investigated the effect on fetal growth. Furthermore, it has been speculated that the timing of binge drinking may be a determining factor for neonatal growth. The objective of this study was to assess the potential effect of binge drinking and different drinking patterns (timing and number of binge drinking episodes) in early pregnancy on fetal growth estimated by birthweight and birth length. Material and methods. From 1 March to 31 August 2000, 1836 pregnant Danish women from Aarhus University Hospital and Fredericia Hospital were included in the study and interviewed around the early second trimester about their drinking habits during their pregnancy. Information on anthropometric measures at birth was obtained from the Danish Medical Birth Registry. The potential effect of binge drinking and different drinking patterns was estimated using a multivariate general linear regression model adjusted for potential confounders that were selected a priori based on the currently available scientific literature. Results. The women who reported any binge drinking gave birth to children with a reduction in birth length of À0.02 cm (95% CI À0.23 to 0.18) and an increase in birthweight of 0.2 g (95% CI À42.8 to 43.2). The number of binge episodes and the timing of these episodes were also not associated with fetal growth. Conclusions. The study suggests that binge drinking and different drinking patterns in early pregnancy do not affect fetal growth.
Introduction
Alcohol intake in pregnancy is a well-established risk factor for several adverse obstetric outcomes and subsequent child health. Several studies have described an increased risk of fetal alcohol syndrome (FAS), which is characterized by multiple birth defects, including growth retardation, congenital malformations and neurodevelopmental problems in childhood as well as adulthood after prenatal alcohol exposure (1) (2) (3) . Growth retardation is known to adversely affect several parameters concerning the child's health in general and is associated with a higher mortality as well as morbidity. McIntire et al. (4) found that the neonatal mortality rate for small-for-gestational-age infants was 1% compared with 0.2% for the infants with appropriate birthweights.
Many studies show consistent results of the association between average alcohol consumption and the risk of growth restriction (1, 2, (5) (6) (7) , suggesting increasing risk with increasing intake of more than one to two drinks per day (7) . Yet, very few studies have investigated the potential association with alcohol binge drinking. Animal studies indicate that the peak blood concentration of alcohol is the determining factor for the amount of damage to the fetus rather than the average alcohol intake (8) . Alcohol binge drinking (usually defined as five or more alcohol-containing drinks on a single occasion) is common in early pregnancy (9) and it has been suggested that it may be associated with learning disabilities and other cognitive adverse outcomes (10) . Even so, the literature on this topic is sparse and inconsistent (3, 6, 11) . Furthermore, it has also been speculated that the timing of binge drinking may be a determining factor for adverse obstetrical outcomes, including intrauterine growth.
Due to the lack of consistent results concerning this topic, it is of great importance to do further research on the association with alcohol binge drinking in early pregnancy. With this study we aimed to assess the association between binge drinking and fetal growth estimated by birthweight and birth length when also considering different drinking patterns (timing and number of binge drinking episodes) in early pregnancy.
Material and methods
In Denmark, all pregnant women are offered participation in a free antenatal care program. This includes ultrasound scans, blood tests and consultations with midwifes, and obstetricians if needed. From 1 March to 31 August 2000, 2053 Danish-speaking pregnant women referred to the Midwife Center at Aarhus University Hospital (n = 1554, representing every second woman attending every day) and at Fredericia Hospital (n = 499, representing all pregnant women) were invited to participate in this study at their first visit, provided that they could fully understand written and spoken Danish.
Around 16 weeks of gestation the women were invited to a face-to-face interview performed by research midwives. Gestational age was calculated from the last menstrual period and adjusted for cycle length. If the women could not provide sufficient information on last menstrual period, gestational age was based on a clinical judgement (9) . Some of the questions in the interview evolved around alcohol binge drinking during pregnancy. Binge drinking was defined in two ways; intake of five or more drinks on a single occasion, which is the most commonly used definition (9) , and three or more drinks on a single occasion, which has previously been suggested as an alternative definition (12) . Details and validation of these questions have previously been reported (9, 13) . One drink was defined as 15 mL, or 12 g of pure alcohol, which is the definition suggested by the Danish Health Authority (14) . This definition corresponds to 4 cL of spirits, one normal beer or one glass of wine. Supporting Information Appendix S1 shows the questionnaire used. A copy of the interview questionnaire in an English translation is available from the authors. Information on anthropometric measures at birth was obtained from the Danish Medical Birth Registry.
In the main analyses, the definition of five or more drinks on a single occasion was used where not otherwise stated. The associations between respectively binge drinking (yes/no) and number of binge episodes (zero, one, two, three or more) defined as intake of five or more drinks on a single occasion and the child's birthweight and birth length were estimated using a multivariate general linear regression model. The reference group was defined as those who did not report any binge episodes. Potential confounders were selected a priori based on the currently available scientific literature. Thus, maternal age (continuous), pre-pregnancy body mass index (continuous), smoking habits (yes/no), marital status (married or co-habiting/ single), employment status (employed/not employed/student), education level (≤10 years/>10 years), parity (primipara/multipara), average alcohol consumption per week at the time of the interview (continuous) and gestational age at birth (weeks), were included as covariates in all analyses.
The evaluation of the potential association with the timing of binge drinking (gestational age divided into categories of gestational weeks 1-2, 3-4, 5-8 and ≥9) was also assessed using multivariate linear regression adjusted for the same potential confounders as the previous analyses. Moreover, in this analysis we also included the number of binge episodes as a potential confounder.
Finally, all the above analyses were repeated using the definition of binge drinking of three or more drinks on a single occasion (12) in order to assess the robustness of the primary findings.
P-values <0.05 were considered significant. SAS 9.4 Enterprise Guide was used for data analysis.
Ethical approval
The data collection was approved by the regional ethics committee (project no. 20000009) and the Danish Data Protection Agency (J.no. 2000-41-0259). All women gave written informed consent.
Results
Among the 2053 women who met the inclusion criteria and were invited to participate in the interview, 158 did not want to participate. Of the 1895 remaining women, 59 (2.9%) women answered 'Don't know/don't remember' when asked if they had had any binge episodes during their pregnancy, leaving 1836 women. Twenty-two women had no pregnancy outcomes registered at all (no difference between binge groups), leaving 1814 (88.4%) women for analysis. Additionally, birthweight was missing for one and birth length was missing for 14.
For the participants, median gestational age at the time of the interview was 118 days (10/90 percentiles = 97/ 152 days). A total of 906 (49.9%) women reported binge drinking in early pregnancy. Of those women, 524 (28.9%) reported one binge episode, 220 (12.1%) two binge episodes, and 162 (8.9%) three or more binge episodes.
Women reporting two or more binge episodes were more likely to be smokers and single (Table 1) . They also tended to be primiparous. Furthermore, women reporting three or more binge episodes were less likely to be unemployed and also the ones with the highest level of education. Otherwise, no significant or clinically relevant differences were observed ( Table 1) .
The occurrence of any binge drinking resulted in a minor increase in birthweight [0.2 g, 95% confidence interval (CI) À42.8 to 43.2]. Women who reported one or two binge episodes gave birth to infants with an increased birthweight (7.8-8.4 g), but when reporting three or more pisodes of binge drinking, the birthweight decreased by 41.2 g (95% CI À119.1 to 36.7). Birth length decreased (À0.02 cm, 95% CI À0.23 to 0.18) for the women who reported any binge drinking, and the biggest reduction was found in the group of women who reported three or more binge episodes (À0.07 cm, 95% CI À0.44 to 0.30). None of the results were statistically significant or of clinical relevance (Table 2) .
When assessing timing of binge drinking, birthweight was reduced only when occurring in gestational weeks 3-4 (À1.7 g). In the remaining weeks, an increase in birthweight (44.9-67.2 g) was seen. Likewise, birth length decreased only if binge episodes occurred in weeks 3-4 (À0.2 cm). None of the results was statistically significant or of clinical relevance (Table 3) .
When defining a binge episode as intake of three or more drinks on a single occasion the potential association between number of binge episodes and birthweight was enhanced with an increase in birthweight of 22.3 g (95% CI À31.8 to 76.5) for one episode and 17.9 g (95% CI À45.9 to 81.8) for two episodes. However, we did not find a reduction of birthweight when three or more binge episodes were reported (9.8 g, 95% CI À51.6 to 71.3). There was no notable difference in the results regarding 
Discussion
We found no statistically significant or clinically relevant association between binge drinking, number of binge drinking episodes or the timing of binge drinking and birthweight and birth length. A post hoc analysis showed that the proportions of babies born small for gestational age in different binge groups were in line with the results of birthweight adjusted for gestational age, as would be expected. These findings support previous studies (11, 15) but are also contrary to a study by Passaro et al. (6) that showed a 150 g reduction in birthweight for infants born by mothers who reported at least one episode of binge drinking. While any type of bias may explain such discrepancies, random error is a likely explanation when most studies agree. In our study, parity and smoking affect the adjusted results the most and are therefore important to adjust for. This has also been suggested before by Teran et al. (16) and Olsen et al. (17), respectively. Only one previous study has previously reported an adjusted birthweight difference adjusted for parity and smoking (6) .
To our knowledge, the importance of the number of binge episodes and timing of binge episodes has not been addressed before. However, it should be noted that in this study the category of three or more episodes was openended, and we cannot know whether a potential influence on birthweight and birth length appears only with a higher number of binge episodes. As suggested, potential damage caused by alcohol could depend on the timing of alcohol binge drinking. Our study suggests that there is no association with the timing of binge drinking. Again, we operate with an open-ended category of nine or more weeks. Therefore, if potential associations with binge drinking patterns (number of binge drinking episodes and the timing) occur mainly within a short period of time in the late second or third trimester, when growth is accelerated, our study could not assess such a risk.
The measurements of alcohol intake were based on structured interviews, yielding specific information on the amount of binge drinking; this method has been shown to yield valid (relative to other methods) and reliable information among Danish pregnant women (13) . Furthermore, in Denmark, low weekly alcohol consumption during pregnancy was considered acceptable at the time of the data collection (18) and still is, according to official guidelines (19) . This culture reduces the risk of systematic underreporting of alcohol intake in the study. Although underreporting cannot be entirely ruled out, we therefore consider underreporting of binge drinking less of a problem compared with most other countries. In any case, one to two isolated episodes of binge drinking would normally not trigger a social work evaluation. While the prevalence of any binge drinking has decreased somewhat from 50% in the late 1990s to approximately 40% in 2013, alcohol binge drinking in very early pregnancy is still a prevalent habit (20) . Although the prevalence is reduced, there is no reason to believe that the actual association between alcohol binge drinking and anthropometric measures has changed, as it seems unlikely that any biological effect or non-effect would change over a short time-span. Different studies have used slightly different definitions of alcohol binge drinking, five or more drinks being the most commonly used cut-off in pregnancy (9) . In the USA, the National Institute on Alcohol Abuse and Alcoholism currently defines binge drinking in women as four or more drinks (21) . Considering that we used definitions of three or more and five or more drinks it seems unlikely that different results would be obtained if we had used a definition of four or more drinks. We did not obtain any biological measure of the alcohol intake (such as serum ethanol) during the binge episodes, and the serum concentration will depend on individual characteristics, such as bodyweight. Therefore, any potential association may differ from woman to woman.
The strengths of this study include the prospective and validated collection of information on alcohol binge drinking in early pregnancy. The use of a large population-based cohort, makes this one of the largest studies so far in this research area and the only one to report on number of binge episodes and timing. Furthermore, the participation rate in the study was very high (approximately 92%), which reduces the risk of selection bias. Based on comparison with data from the independent Aarhus Birth Cohort, the 8% who did not participate appear to be quite similar to the study population as regards age, alcohol consumption, body mass index, smoking habits, educational status, gestational age at birth, birthweight and birth length (data not shown). Thus, selection bias is unlikely to be present.
Although the results on number of binge episodes suggest (even though not significantly so) that one or two binge episodes might actually protect against the risk of growth restriction, this finding is most likely due to random variation, hence the very broad confidence interval. Yet, some studies suggest a protective association with a small amount of alcohol (2). We did not obtain information on dietary habits, yet some studies suggest that it is a relevant potential confounder. This should be considered in further research to reduce the risk of residual confounding.
Conclusion
We found no statistically significant association between alcohol binge drinking, number of binge drinking episodes or timing of binge drinking and birthweight and birth length. Although larger studies may be warranted, any potential differences appear to be small.
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